ABSTRACT: The purpose of this research was to determine a potential reference point for measurement of signal intensity of bone marrow of the condyle on proton density-weighted images (PDW) prior to analysis of bone marrow abnormality related to symptomatic osteoarthritis of the temporomandibular joint (TMJ). The study was based on 79 joints in 41 patients. The regions of interest (ROI) were placed over the bone marrow of the condyle and four other structures. It was hypothesized that a correlation between signal intensity of ROI over bone marrow and that of another structure would provide a potential reference point for measurement of signal intensity of bone marrow. A significant positive linear correlation was found in the group for gray matter-1 and bone marrow. The correlation coefficient was 0.3 (Pearson correlation coefficient; p<0.05). It was determined that gray matter is a potential reference point in evaluating the signal intensity of bone marrow in the mandibular condyle.
T
here are several possible sources of temporomandibular joint (TMJ) pain, including alterations in the bone marrow of the mandibular condyle, osteoarthritis, [1] [2] [3] [4] [5] impingement and compression of the retrodiscal tissue, 6, 7 inflammatory changes in the retrodiscal tissue, 8, 9 inflammatory changes in the joint space resulting in joint effusion 10 and capsulitis. [11] [12] [13] Osteoarthritis is suggested as a source of pain, but is also often seen in asymptomatic subjects. [1] [2] [3] [4] [5] Cortical bone abnormalities are probably the main reason associated with pain. However, pain sources related to osteoarthritis may be varied. Other factors should be considered to estimate symptomatology in patients with osteoarthritis of the TMJ. Zanetti, et al. 14 demonstrated that in cases of osteoarthritis of the knee joint, ill-defined bone marrow abnormalities occur adjacent to the affected joint. Felson, et al. 15 also reported that bone marrow edema is a potent risk factor for structural deterioration in knee osteoarthritis. There is, however, no report on such bone marrow changes in symptomatic osteoarthritis of the TMJ. The proton density weighted image (PDW) is widely used to determine the disk position, morphology, and osteoarthritis. According to Larheim, et al. 16 signal intensity of bone marrow abnormality of the mandibular condyle on PDW tends to be decreased. In the current clinical work, however, the PDW signal of symptomatic osteoarthritis likely shows various patterns. To resolve this contamination, it was necessary to clarify the bone marrow signal in osteoarthritis. There is no formula for evaluation of signal intensity in magnetic resonance (MR) imaging such as CT number because of the changing signal intensity in the position of the coil and the amplifier gain of the image reconstruction circuitry. To arrive at such a formula, a reference point for measurement of the signal intensity of bone marrow in osteoarthritis would be needed. The final purpose was to analyze bone marrow abnormality related to symptomatic osteoarthritis of the TMJ on PDW, which is often and routinely imaged in TMJ management. In this study, the purpose was to determine a potential reference point for measurement of the signal intensity of bone marrow at a specific portion of the condyle, possibly related to osteoarthritis on PDW.
Materials and Methods
The study was based on 79 joints in 41 patients selected from a consecutive series of 206 joints in 103 patients referred to the hospital for MR imaging of the TMJ. The mean age of the participants in this study was 36.0 years. There were 13 males and 28 females. These 79 joints diagnosed had normal disk position with normal function on PDW according to Table 1 adopted from Sano, et al. 17 Informed consent was obtained from each patient in accordance with the Declaration of Helsinki and approval was obtained from an Institutional Review Board of the hospital in advance of participation in the study.
MR imaging was performed with a 1.5 Tesla MR imager (Magnetom Symphony, Siemens, Elrangen, Germany), using a double loop array coil. Bilateral TMJ images were obtained in closed-mouth position ( Table  2) . A fast spin echo sequence was used. The axial scout view was obtained parallel to the occlusal plane. Views were selected according to the position on the long axis, where the widest area was available between the lateral and medial poles. Corrected sagittal images were obtained perpendicular to the long axis and axial view. The images were saved as Digital Imaging and Communications in Medicine (DICOM) files and read for measurement of signal intensity using a public domain software, ImageJ 1.32j (National Institutes of Health, USA) for image analysis. The region of interest (ROI) was selected only 
Inclusion criteria for joints with osteoarthritis:
Osteoarthritis evident as osteophytes, erosions, or deformity of condyle and/or temporal component with evidence of disk displacement without reduction. in images where the entire area between the mandibular condyle and the lower border of the mandible could be imaged. The location and size of ROI were consistent on all images from different joints to guarantee higher reliability. 18 Selection of images suitable for ROI placement was decided by consensus of two oral and maxillofacial radiologists, where such images were judged to be excellent. In order to be judged excellent, each image had to clearly show the gray matter, the white matter, the lateral pterygoid muscle, the parotid gland, and the condyle. It was also necessary for all ROI to be located as closely as possible to the condyle. We placed the ROI over the bone marrow of the condyle, which was located as close as possible to the top. The ROI were also placed over four other structures: the gray matter, the white matter, the parotid gland, and the lateral pterygoid muscle. Two different ROI were placed over the four structures to cover a large area. The average area for each structure was calculated from a total of 20 images in order to determine the size of ROI. This resulted in a 4.5 mm 2 area for bone marrow of the condyle (Figure 1, A) and in a 5.9 mm 2 area for the gray matter, a 1.8 mm 2 area for the white matter, a 1.0 mm 2 area for the lateral pterygoid muscle and a 21.9 mm 2 area for the parotid gland (Figure 1) . It was hypothesized that obtaining a correlation between signal intensity of ROI over bone marrow and that of other structures would provide a potential reference point for measurement of signal intensity of bone marrow. All procedures were carried out on PDW.
Statistical Analysis
Statistical analysis was carried out using the Pearson product-moment correlation coefficient. Level of statistical significance was set at p<0.05. When the Pearson product-moment correlation coefficient indicated statistical significance, this was judged to be "presence of association" between the two groups selected.
Results
Mean value, range, and standard deviation of signal intensity from the gray matter, white matter, parotid gland, lateral pterygoid muscle, and bone marrow of the condyle are shown in Table 3 . Of eight groups, a significant positive linear correlation (p<0.05) was found in the group for gray matter-1 and bone marrow of the condyle on the PDW (Figure 2) . The correlation coefficient was 0.3 ( Figure 2 ).
Discussion
It was assumed that the acquisition of a correlation between signal intensity of ROI over bone marrow and that of other structures would give a potential reference point for bone marrow.
At first, an appropriate location of ROI for bone marrow of the mandibular condyle was considered. Osteoarthritis was described as the presence of cortical changes, such as erosion or osteophyte, quite frequently located at the top of the condyle. 19, 20 The ROI of the bone marrow was placed over as close as possible to the top of the mandibular condyle.
Some studies [21] [22] [23] [24] [25] [26] [27] [28] on MR signal intensity of the TMJ have qualitatively evaluated sites. A few others have quantitatively evaluated sites 29, 30 using ROI. Quantitative evaluation of MR signal intensity, however, is still debated because of the difficulties of signal measurement. Otonari, et al. 31 positioned a polyethylene tube containing distilled water at the external auditory foramen to determine the optimal sequence for diffusion- 
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weighted images adapted to the TMJ. However, patients with TMJ disorders often complain of vertigo, tinnitus, earache, and hearing loss, 32,33 all of which are suspected disorders of the auditory canal, central nervous system, and brain, etc. Therefore, it is dangerous for dentists to undertake such a procedure. Crucially, signal intensity measurements are subject to variation depending on the position of the coil and the amplifier gain of the image reconstruction circuitry. Kitagaki, et al. 34 reported the signal intensity of white matter in cases of dementia demonstrating that the correlation coefficient in the signal intensity ratio of the white matter-cerebrospinal fluid between the frontal and temporal lobes of normal healthy subjects was positive. Corrected sagittal MR images can clearly depict the external auditory foramen, disk, retrodiscal tissue, mandibular condyle, temporal lobe, parotid gland, and lateral pterygoid muscle. As the external auditory foramen is filled with air, it has no signal intensity. In an earlier study on the disk, Helms, et al. 21 demonstrated that the disk yielded a high or intermediate signal intensity in normal joints, and a diminished intensity in osteoarthritic joints. Furthermore, Sener, et al. 22 demonstrated that the signal intensity in displaced disks can depend on reduction. A study on the retrodiscal tissue 23, 29 suggested a correlation between increased MR signals and increased vascularity as a cause of TMJ pain. Therefore, the disk and retrodiscal tissues should be excluded, as the signal intensity is likely to change depending on TMJ status in such cases. For these reasons, in this study, ROIs were defined and placed over the remaining structures: white and gray matter, lateral pterygoid muscle, and parotid gland.
Signal-to-noise ratio is highest at the center of the surface coil, so the ROI were placed as close as possible to the mandibular condyle in the center of the image. Iwasaki, et al. 35 reported that, as the gluteal muscle comes into contact with the iliac bone, it is barely influenced by artifacts resulting from lack of uniformity of the RF field in FOV. This finding supports the decision in this study to place a ROI over the lateral pterygoid muscle.
TMJ pain and swelling and/or tenderness of the muscle is also often seen in myositis. In cases of myofascial pain with a palpable trigger point in the muscle or fibromyalgia with body pain, muscle organs such as the lateral pterygoid muscle may be excluded from the list of refer- ence points. The parotid gland consists of various tissues that show varied signal patterns on T1-or T2-weighted images. Signal intensities of adipose tissue also increase with age. Therefore, we can assume that the parotid gland is unstable as a reference point for signal intensity.
In the current study, only one group, for gray matter-1 and bone marrow of the condyle showed a significant correlation coefficient on PDW. The correlation coefficient was 0.3. Sano, et al. 17 described no association between TMJ diagnosis or degree of TMJ pain and signal intensity of the temporal lobe. This is one reason gray matter and bone marrow offer a significant positive linear correlation.
The current study was focused on the analysis of bone marrow abnormalities that were most likely associated with osteoarthritis and indicated that gray matter is the most appropriate site. Gray matter may be another candidate as a reference point to analyze variations of signal intensities of the disk which depends on pathologic conditions 36, 37 because the disk is also located in the center on corrected sagittal images as is the top of the condyle. Further study is needed to clarify this hypothesis.
In conclusion, gray matter was identified as a potential reference point in evaluating the correlation between osteoarthritis and MR signal intensity of bone marrow in the mandibular condyle.
